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Specification 

Title of the Invention 

[0001] Scanning Optical System 

Background of the Invention 

[0002] The present invention relates to a scanning 
optical system, and in particular to a multi-beam scanning 
optical system that scans a plurality of beams across an 
object surface to form an image thereon. 

[0003] In a multi-beam scanning optical system, multiple 
beams are deflected simultaneously by a single reflection 
surface of a deflector such as a polygon mirror. The 
deflected beams simultaneously scan across an object 
surface to form an image thereon. Thus, the multi-beam 
scanning optical system is capable of fast printing, 
[0004] Various kinds of light sources are utilized in 
the multi-beam scanning optical system. Examples of such 
light sources includes a single element having a plurality 
of light emitting points such as that disclosed in Japanese 
Patent Application Provisional Publication SHOU 57-54914. 
Another example of the light source is a device disclosed 
in Japanese Patent Application Provisional Publication SHOU 
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60-126620, which is composed of a plurality of light 
emitting elements each having a single light emitting point. 
[0005] In the multi-beam scanning optical system, the 
light source is provided such that the light emitting 
points thereof are arranged in an auxiliary scanning 
direction (which is perpendicular to a main scanning 
direction in which the beam spots are scanned on the object 
surface). The multiple light beams emitted from the light 
source are converged on the object surface by the scanning 
optical system and scanned thereacross to form a plurality 
of scanning lines . Since there is a finite spacing between 
each pair of adjacent light emitting points irrespective of 
the type of light source, there is also a finite spacing 
between each pair of adjacent scanning lines formed on the 
object surface. If a high quality, or high resolution, 
printing is desired, this spacing between adjacent scanning 
lines should be made small or the adjacent scanning lines 
should be even overlapped on each other. 

[0006] Conventionally, various methods for eliminating 
the spacing between adjacent scanning lines to make them 
overlap one another are developed. 

[0007] In one exemplary method, an aperture is located 
at a pupil position of a line image forming lens which 
converges each beam emitted from the light source into a 
line image in a vicinity of a polygon mirror. The aperture 
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size is reduced while keeping the light emitting points 
arranged in the auxiliary scanning direction. As a result, 
the sizes of the beam spots formed on the object surface 
increase and the scanning lines formed by these enlaxged 
beam spots become to overlap one another. 

[0008] In this method, however, a large part of the 
energy of each beam is cut off by the aperture. Thus, the 
energy efficiency of the scanning optical system is very 
low. 

[0009] In another exemplary method, the light emitting 
points of the light source are arranged in a slanting 
direction against the main scanning direction to reduce the 
distance in the auxiliary scanning direction of the beam 
spots formed on the object surface. 

[0010] . If a multi-beam semiconductor laser is utilized 
as the laser source, the major diameter direction of the 
far field pattern of each laser beam inclines against the 
auxiliary scanning direction. This inclination of the major 
diameter direction reduces the overlap between the adjacent 
scanning lines. Thus, an anamorphic lens or a slit is 
disposed on the path of the laser beams to adjust the major 
diameter direction of each laser beam to the auxiliary 
scanning direction. The addition of the anamorphic lens or 
the slit is not desirable since the costly anamorphic lens 
increases the total cost of the scanning optical system, 
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and the slit reduces the energy efficiency of the scanning 
optical system. 

[0011] Therefore, there is a need for a multi-beam 
scanning optical system that forms a plurality of scanning 
lines on an object surface, in which adjacent scanning 
lines overlap one another, without utilizing costly 
anamorphic lenses and without significantly reducing the 
energy efficiency. 

Summary of the Invention 

[0012] The present invention is advantageous in that a 
scanning optical system is provided that satisfies the 
above mentioned need. 

[0013] A scanning optical system according to an aspect 
of the invention includes a light source that emits a 
plurality of beams, a deflector disposed on optical paths 
of the beams emitted from the light source, which deflector 
deflects the beams toward an object surface so that beam 
spots formed by the beams scan on the object surface in a 
main scanning direction, and a birefringent double-image 
member disposed on the optical paths of the beams. The 
birefringent double-image member splits each of the beams 
passing therethrough into an ordinary ray and an 
extraordinary ray that is displaced from the ordinary ray 
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In an auxiliary scanning direction and travels in a 
vicinity of the ordinary ray. Note that the auxiliary 
scanning direction is a direction perpendicular to the main 
scanning direction. 

[0014] Optionally, the birefringent double-image member 
may be configured such that each extraordinary ray travels 
in a direction slightly inclined against a direction in 
which the corresponding ordinary ray travels . One example 
of such a birefringent double -image member is a wedge like 
form birefringent double -image member. 

[0015] Alternatively, the birefringent double-image 
member may be configured such that each extraordinary ray 
travels in parallel with the corresponding ordinary ray. 
One example of such a birefringent double -image member is a 
plate form birefringent double-image member having parallel 
surfaces . 

[0016] In the above cases, the scanning optical system 
may further include a collimator disposed between the light 
source and the deflector for converting the beams emitted 
from the light source from divergent lights into collimated 
lights, a line image forming lens disposed between the 
collimator and the deflector so that the beams are 
converged in the auxiliary scanning direction to form a 
line image in a vicinity of the deflector, and an image 
forming optical system disposed between the deflector and 
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the object surface so that the beams deflected by the 
deflector are converged in a vicinity of the object surface 
in both the main and auxiliary scanning direction. The 
birefringent double -image member may be disposed between 
the collimator and the line image forming lens, or, between 
the line image forming lens and the deflector. 
10017] In cases, the beams emitted from the light source 
are linearly polarized, which occurs when the light source 
is a semiconductor laser, for example, a quarter-wave plate 
may be disposed between the light source and the 
birefringent double-image member. Alternatively, a half- 
wave plate may be disposed between the light source and the 
birefringent double -image member, which half -wave plate 
adjusts a polarized direction of each of the linearly 
polarized beams so as to make an angle of 45° with an optic 
axis of the birefringent double-image member. 
[0018] In the above cases, a second quarter-wave plate 
may be further disposed between the birefringent double- 
image member and the deflector. 

Brief Description of the Accompanying Drawings 

[0019] Fig. 1 shows a top view of a scanning optical 
system according to a first embodiment of the invention; 
[0020] Fig. 2 schematically illustrates an optical 
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configuration of the scanning optical system shown in Fig. 
1; 

[0021] Fig. 3 schematically illustrates variation in the 
polarization of beams traveling between a light source and 
a polygon mirror of the scanning optical system shown in 
Fig. 1; 

[0022] Fig. 4 illustrates the form and function of a 
birefrlngent member of the scanning optical system shown in 
Fig. 1; 

[0023] Figs. 5A and 5B schematically Illustrate a light 
amount distribution in an auxiliary scanning direction of 
the beams impinging on an object surface and beam spots 
formed thereon in a comparative scanning optical system not 
provided with a birefrlngent member; 

[0024] Figs. 6A and 6B schematically illustrate a light 
amount distribution in the auxiliary scanning direction of 
the beams impinging on the scanning surface and beam spots 
formed thereon in the scanning optical system shown in Fig. 
1; 

[0025] Fig. 7A schematically illustrate a light amount 
distribution in the auxiliary scanning direction of wide 
beams each formed by a pair of ordinary ray o and 
extraordinary ray e generated by the birefrlngent member, 
and Fig. 7B. illustrates beam spots formed by the wide beams 
on the object surface; 
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[0026] Fig. 8 shows a top view of a scanning optical 
system according to a second embodiment of the invention; 
[0027] Fig. 9 schematically illustrates an optical 
configuration of the scanning optical system shown in 
Fig. 8; 

[0028] Fig. 10 illustrates variation in the polarization 
of beams traveling between a light source and a polygon 
mirror of the scanning optical system shown in Fig. 8; and 
[0029] Fig. 11 illustrates the form and function of a 
birefringent member of the scanning optical system shown in 
Fig. 8. 

Detailed Description of the Embodiments 

[0030] Hereinafter, embodiments of the present invention 
will be described with reference to the accompanying 
drawings . 

[0031] First Embodiment 

[0032] Fig. 1 shows a top view of a scanning optical 
system 1 according to a first embodiment of the invention. 
Fig. 2 schematically illustrates the optical configuration 
of the scanning optical system 1 shown in Fig. 1, in which 
an optical axis A thereof is represented as a linear dashed 
line . 
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[0033] As shown in Figs. 1 and 2, the scanning optical 
system 1 includes a semiconductor laser array device 10, a 
collimator 11, a quarter-wave plate 12, a birefringent 
member 13, a cylindrical lens 14, a quarter-wave plate 15, 
a polygon mirror 16, an image forming optical system 20, 
and a photosensitive drum having a scanning surface S, 
which are arranged in this order. 

[0034] The polygon mirror 16 is provided to the scanning 
optical system 1 so as to be rotatable about an center axis 
16a, or rotation axis, thereof- It should be noted that, 
hereinafter, a main scanning direction refers to a 
direction parallel to a plane perpendicular to the center 
axis 16a of the . polygon mirror 16, and an auxiliary 
scanning direction refers to a direction parallel to the 
center axis 16a. 

[0035] The semiconductor laser array device 10 is a 
single monolithic multi-laser diode designed so as to have 
a plurality of light emitting points arranged in the 
auxiliary scanning direction. Each light emitting point 
emits a divergent laser beam. Note that only one laser beam 
is depicted in Fig. 2. 

[0036] The laser beams emitted from the semiconductor 
laser array device 10 travel toward the collimator 11. The 
collimator 11 is disposed such that a front focal point 
thereof is located on a center of a line connecting the 
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light emitting points of the semiconductor laser array 
device 10. Accordingly, the divergent laser beams passed 
through the collimator 11 are converted into parallel light 
beams . 

[0037] The laser beams emitted from the semiconductor 
laser array device 10 are linearly polarized beams. The 
quarter- wave plate 12 disposed next to the collimator 11 
transforms each laser beam into circular polarized beam as 
shown in Fig. 3, which illustrates variation of the 
polarization of the laser beams traveling between the 
semiconductor laser array device 10 and the polygon mirror 
16. 

[0038] It should be noted, however, that the quarter- 
wave plate 12 may be replaced with a half -wave plate that 
adjust the polarized direction of the laser beam passing 

therethrough so as to make an angle of 45° with the optic 
axis of the birefringent member 13. 

[0039] Next, each laser beam enters the birefringent 
member 13. The birefringent member 13 is made of an 
uniaxial crystal. The birefringent member 13 splits each 
laser beam into two rays, i.e., an ordinary ray o and an 
extraordinary ray e (see Fig. 3). The ordinary ray o is 
linearly polarized in the direction of an optic axis of the 
birefringent member 13 (or the uniaxial crystal), while the 
extraordinary ray e is linearly polarized perpendicularly 
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to the optic axis of the birefringent member 13. 
[0040] It should be noted that, since each laser beam 
entering the birefringent member 13 is circularly polarized, 
the energy levels of the ordinary ray o and extraordinary 
ray e generated from a given laser beam are substantially 
the same irrespective of the optic axis direction of 
birefringent member 13. 

[0041] As shown in Fig. 4, the birefringent member 13 is 
formed such that a cross -section thereof parallel to the 
auxiliary scanning direction and passing through the 
optical axis A has a wedge like shape of which vertex angle 

is a. Thus, the ordinary ray o and the extraordinary ray e 
passed through the birefringent member 13 are deflected in 
the auxiliary scanning direction, however, at slightly 
different angles to each other. 

[0042] The laser beams emerging from the birefringent 
member 13 pass next through the cylindrical lens 14. Note 
that the number of the beams emerging from the birefringent 
member 13 and thus entering the cylindrical lens 14 is 
double of the number of laser beams emitted from the 
semiconductor laser array device 10. In the present, the 
semiconductor laser array device 10 emits four laser beams. 
Thus, the number of the beams entering the cylindrical lens 
14 is eight. 

[0043] The cylindrical lens 14 converges the laser beams 
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passed therethrough only in the auxiliary scanning 
direction. Accordingly, the ordinary ray o and the 
extraordinary ray e generated from a single laser beam form 
a pair of line images on the rear focal plane (a plane 
including the rear focal point of the cylindrical lens 14 
and extending perpendicular to the optical axis A) . 
[0044] The linear polarizer 15 disposed between the 
cylindrical lens 14 and the polygon mirror 16 transforms 
the beams passing therethrough into circularly polarized 
beams (see Fig. 3). This ensures the polygon mirror 16 to 
reflect the ordinary rays o and the extraordinary rays e at 
substantially the same reflectivity. 

[0045] The polygon mirror 16 is a regular polygonal 
prism arranged to rotate about the center axis 16a to 
dynamically deflect the laser beams by the side surfaces 
thereof , or reflecting surfaces thereof, so that the laser 
beams scan on the photosensitive surface S in the main 
scanning direction. Note that the laser beams passed 
through the cylindrical lens 14 are converged in the 
auxiliary scanning direction near the reflecting surface of 
the polygon mirror 16 deflecting them toward the scanning 
surface S. Each laser beam dynamically deflected by the 
polygon mirror 16 and entering the image forming optical 
system 20 is a collimated light within a plane parallel to 
the main scanning direction, which will be referred to 
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hereinafter as a main scanning plane, and a diverging light 
within a plane parallel to both the auxiliary scanning 
direction and an optical axis of the image forming optical 
system 20, which will be referred to hereinafter as an 
auxiliary scanning plane. 

[0046] The image forming optical system 20 converges 
each laser beam both in the main and auxiliary scanning 
directions to form a beam spot on the scanning surface S. 
The beam spot is formed at a location displaced from the 
optical axis A in the main scanning direction for a 
distance y=k-9, where 0 represents the angle formed between 
the laser beam and the optical axis A in the main scanning 
direction and k a scanning constant. Accordingly, each beam 
spot scans across the scanning surface S in the main 
scanning direction at a constant speed as the polygon 
mirror 16 rotates at a constant angular velocity. 
[0047] With respect to the auxiliary scanning direction, 
the image forming optical system 20 is configured such that 
conjugate points of the line images of the laser beams 
formed in the vicinity of the polygon mirror 16 (i.e., the 
locations at which the laser beams are converged in the 
auxiliary scanning direction by the cylindrical lens 14) 
are located on the scanning surface S. Therefore, the 
location in the auxiliary scanning direction at which each 
beam spot is formed does not vary in accordance with the 
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tilting error, or facet error, of the side surfaces of the 
polygon mirror 16. 

[0048] The image forming optical system 20 is composed 
of a scanning lens 21 and a tilting error correction lens 
22 disposed between the scanning lens 21 and the scanning 
surface S. The scanning lens 21 has a power that converges 
the laser beam mainly in the main scanning direction (i.e., 
the scanning lens 21 takes the responsibility for forming 
an image in the main scanning direction). The tilting error 
correction lens 22 has a power that converges the laser 
beam mainly in the auxiliary scanning direction (i.e., the 
tilting error correction lens 22 takes the responsibility 
of forming an image in the auxiliary scanning direction). 
The tilting error correction lens 22 further corrects the 
curvature of field in the auxiliary scanning direction. The 
image forming optical system 20 is arranged such that the 
optical axis thereof coincides with the beam axis of the 
laser beams reflected at the center of each side surface, 
or reflecting surface, of the polygon mirror 16 within the 
main scanning plane as . shown in Fig. 1. Further, the image 
forming optical system 20 is arranged such that the optical 
axis thereof intersects the center axis 16a, or rotation 
axis, of the polygon mirror 16 at the middle thereof within 
the auxiliary scanning plane. 

[0049] In the present embodiment, the semiconductor 
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laser array device 10 has four light emitting points 
arranged in the auxiliary scanning direction at regular 

intervals of 14 Jim. The focal length of the collimator 11 
is 16.2 mm, and the foal length of the cylindrical lens 14 
with respect to the auxiliary scanning direction is 50 mm. 
Further, the image forming optical system 20 is designed 
such that the focal length with respect to the main 
scanning direction, the magnification in the auxiliary 
scanning direction, and the scanning width are 200 mm, - 
0.98, and 300 mm, respectively. 

[0050] Further, in the present embodiment, the 
birefringent member 13 is made of quartz. Thus, the 
difference between the indices of refraction of the 
ordinary ray o and the extraordinary ray e is about 9xl0~ 3 . 
Further, the vertex angle a of the birefringent member 13 
is 2.6°. Thus, the difference of the directions in which 
the ordinary ray o and the extraordinary ray e respectively 
propagates after emerging from the birefringent member 13 
is 0.408 mrad. As a result, the distance in the auxiliary 
scanning direction between the pair of line images formed 
in the vicinity of the polygon mirror 16 by the ordinary- 
ray o and extraordinary ray e is 20.4 pun, and the 
displacement in the auxiliary scanning direction between 
the pair of scanning lines on the scanning surface S 
corresponding to this pair of line images becomes 20.0 urn. 
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[0051] Fig. 5A schematically illustrates the light 
amount distribution in the auxiliary scanning direction of 
the beams impinging on the scanning surface S in a 
comparative scanning optical system that has the same 
arrangement as the scanning optical system 1 shown in Fig. 
1 except that it is not provided with the birefringent 
member 13. Fig. 5B schematically illustrates the beam spots 
formed on the scanning surface S in the comparative 
scanning optical system. Note that the beam spot is defined 
as an area within which the light intensity at any given 
point is not less than a predetermined proportion of the 
maximum light intensity of the laser beam. 

[0052] In the comparative scanning optical system that 
is not provided with the birefringent member 13, four beam 
spots are formed on the scanning surface S by the four 
laser beams emitted from the semiconductor laser array 
device 10. The four beam spots are arranged in the 
auxiliary scanning direction at regular intervals of 42.3 

jim, and each beam spot has a width of 4 Spun in the auxiliary 
scanning direction. Thus, as illustrated in Fig. 5B, the 
beam spots have almost no overlapped area, which results in 
low quality image to be formed by scanning these beam spots 
across the scanning surface S. 

[0053] Fig. 6A schematically illustrates the light 
amount distribution in the auxiliary scanning direction of 
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the beams impinging on the scanning surface S in the 
scanning optical system 1, and Fig. 6B schematically 
illustrates the beam spots formed on the scanning surface S. 
The solid lines in Fig. 5A illustrate the light amount 
distribution and beam spots associated with the four 
ordinary rays o. The four beam spots are arranged in the 
auxiliary scanning direction at regular intervals of 42.3 

[Mi and each has a width of 45 \uci in the auxiliary scanning 
direction. The broken lines in Fig. 6B illustrate the light 
amount distribution and beam spots associated with the four 
extraordinary rays e. As previously described, each 
ordinary ray o accompanies one extraordinary ray e that is 
displaced from the ordinary ray o in the auxiliary scanning 

direction for only 20 \im and thus overlaps with the 
ordinary ray o for a wide area. 

[0054] As well known, the phases of the ordinary ray o 
and the corresponding extraordinary ray e differs from each 

other for 90°. Therefore, the ordinary ray o and the 
corresponding extraordinary ray e do not interfere with 
each other at the overlapped area. Thus, the light amount 
at the overlapped area becomes the sum of the light amounts 
of the ordinary ray o and the corresponding extraordinary 
ray e. As a result, each pair of the ordinary ray o and the 
corresponding extraordinary ray e forms a single wide beam 
and hence a single large beam spot on the scanning surface 
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[0055] Fig. 7A schematically illustrates the light 
amount distribution in the auxiliary scanning direction of 
the wide beams each formed by a pair of ordinary ray o and 
extraordinary ray e, and Fig, 7B schematically illustrates 
the large beam spots formed by those wide beams. As with 
the beam spots shown in Fig. 5B, the four large beam spots 
are arranged in the auxiliary scanning direction at regular 
intervals of 42.3 [im. However, the width of each large beam 
spot is much larger than that of the normal beam spots 
shown in Fig. 5B and each large beam spot overlaps with the 
adjacent one for a width of about 20 nm in the auxiliary 
scanning direction. Thus, the scanning lines formed by 
scanning those large beam spots across the scanning surface 
S overlap each other in the auxiliary scanning direction 
and allows to form a high quality image. 

[0056] Second Embodiment 

[0057] Hereinafter, a scanning optical system 100 
according to a second embodiment of the invention will be 
described with reference to Figs. 8 through 11, in which 
elements that are substantially the same as those described 
in the first embodiment are denoted by the same reference 
numbers . 

[0058] Fig. 8 shows a top view of the scanning optical 
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system 100 according to the second embodiment of the 
invention , and Fig. 9 schematically illustrates the optical 
configuration of the scanning optical system 100 shown in 
Fig. 8, in which the optical axis thereof is represented as 
a linear line. 

[0059] The scanning optical system 100 according to the 
second embodiment has the same configuration as the 
scanning optical system 1 according to the first embodiment 
except that the quarter-wave plate 12 is replaced with a 
half -wave plate 32 and the birefringent member 13 is 
resplaced with a birefringent member 33. 

[0060] The half -wave plate 32 is disposed between the 
collimator 11 and the cylindrical lens 14. The half -wave 
plate 32 adjusts the polarized direction of the linearly 
polarized laser beams passing therethrough so as to make an 
angle of 45° with the optic axis of the birefringent 
material 13 as shown in Fig. 10, which illustrates the 
polarization of the laser beams traveling between the 
semiconductor laser array device 10 and the polygon mirror 
16. 

[0061] The birefringent member 33 is a plate made of a 
birefringent crystal having parallel front and rear 
surfaces. The birefringent member 33 is disposed between 
the cylindrical lens 14 and the quarter-wave plate 15. As 
the polarized direction of each laser beam is adjusted by 
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the half -wave plate 32 so as to make an angle of 4 5° with 
the optic axis of the birefringent member 33, the 
birefringent member 33 split each laser beam passed 
therethrough at equal rate into an ordinary ray o, which is 
polarized in the optic axis direction of the birefringent 
member 33 , and an extraordinary ray e, which is polarized 
perpendicular to the optic axis direction (see Fig. 10). 
[0062] As shown in Fig. 11, the birefringent member 33 
is inclined against a plane perpendicular to the optical 

axis A of the scanning optical system 100 for an angle of (3 
so that the extraordinary ray e emerging from the 

birefringent member 33 is displaced from the ordinary ray o 

in the auxiliary scanning direction for a predetermined 

distance 6. Note that, since the front and rear surfaces of 
the birefringent member 33 are parallel to each other, the 
ordinary ray o and extraordinary ray e emerging from the 
birefringent member 33 travels parallel to each other. 
[0063] In the present embodiment, the birefringent 
member 33 is a plate having a thickness of 1.5 mm and is 

inclined so that the angle (3 becomes 3.6°. The difference 
between the indices of refraction of the ordinary ray o and 

the extraordinary ray e is about 9xl0~ 3 , since the 
birefringent member 33 is made of quartz. 

[0064] In the scanning optical system 100 configured as 
above, the displacement 6 of the extraordinary ray e from 
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the ordinary ray o becomes 20.4 \im, and the interval 
between the line images formed by the ordinary ray o and 
the extraordinary ray e in the vicinity of the reflection 

surface of the polygon mirror 16 is 20.4 jam. As a result, 
as with the first embodiment of the invention , each pair of 
the ordinary ray o and the corresponding extraordinary ray 
e overlap one another, form a wide beam and hence a large 
beam spot on the scanning surface S. Four large beam spots 
are formed on the scanning surface S, and these large beam 
spots forms wide scanning lines that overlap each other in 
the auxiliary scanning direction. Accordingly, the scanning 
optical system 100 according to the second embodiment of 
the invention is capable of forming a high quality image as 
with the scanning optical system. 1 according to the first 
embodiment . 

[0065] It should be noted, however, that the half -wave 
plate 32 of the scanning optical system 100 according to 
the second embodiment may be replaced with a quarter-wave 
plate . 

[0066] Further, as well know in connection with the 
savart plate, if the optic axis of the birefringent member 
33 is directed to a particular orientation, it is not 
necessary to incline the birefringent member 33 against the 
plane perpendicular to the optical axis A of the scanning 
optical system 100. 
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[0067] The present disclosure relates to the subject 
matter contained in Japanese Patent Application No. P2002- 
268438, filed on September 13, 2002, which is expressly 
incorporated herein by reference in its entirety. 
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